Background-Individuals with diabetes mellitus are at 2-to 3-fold increased risk for cardiovascular disease (CVD) relative to those without diabetes. Our objective was to examine CVD risk factor level changes among individuals with and without type 2 diabetes mellitus from 1970 to 2005 in the Framingham Heart Study. Methods and Results-We included 4195 participants (3990 with no diabetes and 205 with diabetes) 50 years of age and 3495 participants (3178 with no diabetes and 317 with diabetes) 60 years of age. Contemporaneous CVD risk factor levels were measured; linear regression models were used to assess the interaction between diabetes status and calendar year on CVD risk factor levels. Among 50-year-olds without diabetes mellitus, there was an increase in body mass index of 0.39 kg/m 2 per 10 years, whereas for those with diabetes, there was an increase of 2.52 kg/m 2 (P value for the diabetes-by-calendar year interaction [P for interaction] Ͻ0.001). For low-density lipoprotein cholesterol, the mean decrease was Ϫ7.43 mg/dL per decade (nondiabetes) and Ϫ15.5 mg/dL for diabetes (P for interactionϭ0.002). For systolic blood pressure, the mean decrease was Ϫ3.35 mm Hg per decade (nondiabetes) and Ϫ3.50 mm Hg for diabetes (P for interactionϭ0.97). The direction of the trends for those with diabetes relative to those without diabetes was similar for 60-year-olds. Conclusions-Compared with individuals without diabetes mellitus, individuals with diabetes experienced a greater increase in body mass index, a greater decrease in low-density lipoprotein cholesterol, and a similar magnitude of decline in systolic blood pressure. Individuals with diabetes mellitus have not experienced the necessary declines in CVD risk factors to overcome their increased risk of CVD. Further efforts are needed to aggressively control CVD risk factors among individuals with diabetes mellitus. (Circulation. 2009;120:212-220.)
C ardiovascular disease (CVD) risk factor control is critical to reducing the CVD risk of those with diabetes mellitus. Recent clinical trials have demonstrated that the use of more aggressive targets for blood pressure and cholesterol control among individuals with diabetes results in a reduced incidence of CVD events. [1] [2] [3] Despite this, data from multiple sources suggest that those with diabetes do not experience optimal risk factor control compared with those without diabetes mellitus. 4 -6 Although individuals with diabetes have experienced substantial declines in dyslipidemia, blood pressure, and cigarette smoking, 7 the experience relative to individuals without diabetes has not been well described. Therefore, individuals with diabetes may not have achieved the level of risk factor control needed to reduce their burden of CVD morbidity and mortality compared with that of their nondiabetic counterparts.
Clinical Perspective on p 220
The primary goal of the present analysis was to characterize the trends in body mass index (BMI), blood pressure, cholesterol, and smoking among individuals with and without type 2 diabetes mellitus from 1970 through 2005 in the Framingham Heart Study. We also assessed the prevalence of treatment and control of CVD risk factors among individuals with and without type 2 diabetes mellitus.
Methods

Study Sample
The design of the Framingham Heart Study Original, Offspring, and Third Generation cohorts has been described previously. 8 -11 Briefly, the Framingham Heart Study Original cohort began in 1948 with the enrollment of 5209 individuals 28 to 62 years of age who underwent biennial medical examinations. 8, 9 In 1971, 5124 offspring of the original participants and their spouses were enrolled into the Offspring cohort and underwent examinations approximately every 4 years. 10 In 2002, 4095 children of the offspring participants and their spouses were enrolled in the Third Generation Cohort. 11 As of the present analysis, the Third Generation participants have only attended their first examination.
Our aim was to examine the experience of 50-and 60-year-old individuals with and without diabetes over the time period from 1970 to 2005. We chose this design to describe the experience of a population at a given age over time rather than the aging process of the population, with the goal of examining the changes in risk factor levels cross-sectionally rather than examining changes within a given person. Individuals 50 and 60 years of age were chosen because those ages provided sufficient sample sizes across each decade to allow for meaningful comparisons. The study was approved by the Institutional Review Board at Boston Medical Center, and written informed consent was provided by all participants. For information on diabetes status assessment and risk factor assessment and definition, please see the online-only Data Supplement.
Statistical Analysis
For all continuous risk factors (BMI, total cholesterol, low-density lipoprotein [LDL] cholesterol, systolic blood pressure, and diastolic blood pressure), linear regression models were fit to determine the association between calendar year and the risk factor level. The ␤-coefficients from this model represent the interpretation of the change in risk factor level per calendar year. For ease of interpretation, we multiplied the ␤-coefficients from this model by 10 so that they represent the interpretation of the change in risk factor level per 10 years. Models were fit separately for those with and without diabetes and by age group (50 and 60 years). The interaction between diabetes status and calendar year was assessed in the total data set by the inclusion of a cross-product term in the model, and its significance was assessed with a likelihood ratio test. All models were adjusted for sex. For dichotomous characteristics, the prevalence of each risk factor was calculated for each of the 3.5 decades (35 years) of study follow-up (1970 to 1979, 1980 to 1989, 1990 to 1999, and 2000 to 2005) .
In secondary analyses, we further adjusted the linear regression models for BMI and repeated the analysis among those free of prevalent CVD (myocardial infarction, stroke, or coronary heart failure). Because we were also interested in the characteristics of individuals with diabetes over time, we secondarily examined mean fasting blood glucose and prevalence of diabetes treatment over time. Because the original cohort did not have fasting blood glucose measurements available, this analysis was restricted to participants in the Offspring and Third Generation cohorts. All variables were assessed for normality with box plots, and no violations were found. A P value Ͻ0.05 was considered statistically significant. All analyses were performed with SAS version 9.1 (Cary, NC).
Drs Preis and Fox had full access to the data in the study and take responsibility for the integrity of the data and the accuracy of the data analysis.
Results
Study Sample Characteristics
The mean CVD risk factor levels by decade are presented in Table 1 . Table 2 shows the difference in CVD risk factor levels per decade in individuals with and without diabetes. Among individuals 50 years of age, those without diabetes had a BMI of 26.4 kg/m 2 in the 1970s and a mean BMI of 27.4 kg/m 2 in the 2000s, which represents a mean adjusted increase in BMI per decade of 0.39 kg/m 2 . In comparison, those with diabetes had a mean BMI of 28.3 kg/m 2 in the 1970s and a mean BMI of 35.7 kg/m 2 in the 2000s, which represents a mean increase of 2.52 kg/m 2 per decade. The interaction between calendar year and diabetes status on BMI was statistically significant (age 50 years: P for interaction Ͻ0.001; Table 2 ; Figure, A).
Change in CVD Risk Factor Levels Over Time
Those with diabetes had a larger decline in both total and LDL cholesterol than those without diabetes (Table 2; Figure, B). For example, among those without diabetes, mean LDL cholesterol declined from 141 to 119 mg/dL over the 3.5 decades of observation, which represents a mean adjusted decrease of 7.43 mg/dL per decade. Among those with diabetes, LDL cholesterol declined from 161 to 111 mg/dL, which corresponds to a mean adjusted rate of decline of 15.5 mg/dL per decade. The interaction between diabetes status and calendar time on LDL levels was statistically significant (age 50 years: P for interactionϭ0.002).
The magnitude of decline in systolic and diastolic blood pressures was similar between those with and without diabetes ( Table 2 ; Figure, C). For example, mean systolic blood pressure declined from 130 to 121 mm Hg (adjusted mean decline of 3.35 mm Hg per decade) among those without diabetes and from 141 to 129 mm Hg (adjusted mean decline of 3.50 mm Hg per decade) among those with diabetes. The corresponding decline per decade for diastolic blood pressure was 2.28 mm Hg among individuals without diabetes and 2.51 mm Hg among individuals with diabetes. The interaction between diabetes status and calendar time was not statistically significant for systolic blood pressure (age 50 years: P for interactionϭ0.97) or for diastolic blood pressure (age 50 years: P for interactionϭ0.78).
The direction of the trends for those with diabetes relative to those without diabetes was similar for 60-year-olds. All analyses presented in Table 2 were repeated with further adjustment for BMI, and the results were not materially different (online-only Data Supplement Table I ).
Prevalence, Treatment, and Control of CVD Risk Factors
Overall, for those individuals who were 50 years old, the prevalence of hypertension declined among those without diabetes and did not change among those with diabetes (Table  3) ; however, the prevalence of hypertension treatment increased from 21.2% to 53.1% among those without diabetes and from 25.9% to 63.0% among those with diabetes over the period from 1970 to 1979 to the period from 2000 to 2005. Similarly, the prevalence of hypertension control increased among those without diabetes from 7.8% to 36.0% (P trend Ͻ0.001). Similar trends were observed in those with diabetes as well, although the probability value for trend was not significant (Pϭ0.06). Surprisingly, only about one third of those without diabetes and 15% of those with diabetes experienced hypertension control in the 2000s.
The prevalence of high LDL cholesterol declined among those without diabetes and remained stable among those with diabetes. The proportion of individuals treated and controlled for high LDL cholesterol increased among both those with and without diabetes, although only about 20% of either those with or without diabetes experienced LDL cholesterol control in 2000 to 2005. Among the 50-year-olds, the prevalence of obesity increased markedly, from 16.7% to 23.5% among those without diabetes and from 36.4% to 61.8% among those with diabetes ( Table 3 ). The prevalence of cigarette smoking decreased from 43.8% to 19.2% among those without diabetes and from 58.1% to 17.1% among those with diabetes.
Overall, the results were similar for the 60-year-old group compared with the 50-year-old group. From the period 1970 to 1979 to the period 2000 to 2005, hypertension prevalence declined among those without diabetes and did not change among those with diabetes. Treatment and control of hypertension increased among both those with and without diabetes. The prevalence of high LDL cholesterol decreased among those without diabetes and did not change among those with diabetes. The proportion of individuals treated and achieving LDL control increased in both groups. Cigarette smoking declined among those with and without diabetes, and obesity increased in both groups. Table 4 shows the glycemia-related characteristics of individuals with diabetes from the Offspring and Third Generation cohorts. Among individuals 50 years of age, mean fasting blood glucose did not decline appreciably, and diabetes treatment increased from 40.9% to 71.4% (P trend ϭ0.004) from 1970 -1979 to 2000 -2005. Among the 60-year-olds, mean fasting blood glucose decreased (P trend Ͻ0.001). The prevalence of treatment increased, although the difference was not statistically significant.
Secondary Analyses
We repeated our main analysis excluding individuals with prevalent CVD (online-only Data Supplement Table II) .
Overall, the results were very similar to those from the main analysis presented in Table 2 . Additionally, we repeated our main analysis using the generalized estimating equations procedure to account for familial correlations, and found that the results were essentially unchanged (data not shown).
Discussion
Principal Findings
Mean BMI levels have increased and smoking prevalence and levels of cholesterol and blood pressure have decreased among individuals with and without diabetes. Individuals with diabetes had a greater increase in BMI and a greater decrease in cholesterol than those without diabetes; however, individuals with diabetes had a similar magnitude of decline for blood pressure as those without diabetes. The prevalence of treatment and control of hypertension and high LDL cholesterol increased from 1970 to 2005 among both those with and without diabetes; glucose-lowering treatment among individuals with diabetes has increased markedly, with concomitant declines in mean glucose. Finally, the prevalence of control of both hypertension and LDL cholesterol remains suboptimal for both individuals with and without diabetes.
In the Context of the Current Literature
To further reduce the differences in CVD rates between those with and without diabetes, efforts must be intensified to achieve guideline targets for systolic blood pressure and cholesterol levels among those with diabetes. In this context, the present results reveal parallel declines of blood pressure among those with and without diabetes. A study using data from the National Health and Nutrition Examination Survey showed a 27% decline in hypertension prevalence among those with diabetes over the period from 1971 to 2000. 7 In the present study, the proportion of individuals with diabetes who achieved hypertension control was low, even in more recent years, and individuals with diabetes were less likely to achieve hypertension control than those without diabetes. This may be explained in part by the fact that we used a lower threshold (Ͻ130/80 mm Hg) for hypertension control among individuals with diabetes, which is harder to achieve. In addition, a prior study indicated that only one third of individuals with diabetes and hypertension were able to meet their blood pressure goals, even after behavioral management and pharmacotherapy. 13 Furthermore, a recent study of hypertension trends in the US population from 1988 to 2000 showed that among individuals with diabetes, the proportion of individuals who achieved hypertension control did not change significantly between 1988 and 2000. 14 In contrast to trends in hypertension, we observed steeper declines for cholesterol levels among those with diabetes compared with those without diabetes. This is likely owing to the increased use of lipid-lowering drugs, as evidenced by the increase in treatment and control of LDL cholesterol. Before the existence of statins, there were few effective lipidlowering therapies available; however, the results from the present study show that the proportion of individuals achieving control, particularly among those with diabetes, is still relatively low. The present results are similar to data from the National Health and Nutrition Examination Survey, which showed a prevalence of hypercholesterolemia control in 1999 to 2000 of 22% for individuals with diabetes and 6% for individuals without diabetes. 15 A study of health maintenance organization patients showed that 61% of individuals with diabetes did not reach their LDL cholesterol goal of Ͻ100 mg/dL after 6 months of lipid treatment. 16 The present study demonstrated a dramatic increase in the prevalence of obesity among individuals with diabetes rela- *Hypertension is defined as Ͼ140/90 mm Hg or treatment for hypertension for individuals without diabetes and Ͼ130/80 mm Hg or treatment for hypertension for individuals with diabetes. Hypertension treatment was calculated by dividing the number of participants receiving antihypertensive medication by the total number of individuals with hypertension. Hypertension control was calculated by dividing the number of participants with systolic blood pressure Ͻ140/90 mm Hg (Ͻ130/80 mm Hg for individuals with diabetes 12 ) by the total number of individuals with hypertension.
†High LDL cholesterol is defined as Ն130 mg/dL or treatment for individuals without diabetes and Ն100 mg/dL or treatment for individuals with diabetes. LDL treatment was calculated by dividing the number of participants receiving lipid-lowering medication by the total number of individuals with high LDL. LDL control was calculated by dividing the number of participants with LDL Ͻ130 mg/dL (Ͻ100 mg/dL for individuals with diabetes 12 ) by the total number of individuals with high LDL cholesterol.
‡Obesity is defined as a body mass index of Ն30 kg/m 2 .
tive to those without diabetes, which has also been observed in a prior study of Spanish individuals. 17 We also observed a decline in the prevalence of smoking among both individuals with and those without diabetes, which has been documented in prior studies. 17
Implications
In the present study, individuals with diabetes had greater declines in total and LDL cholesterol than those without diabetes and similar declines in blood pressure levels. The improvement in risk factor levels was paralleled by an increase in drug treatment, which likely contributed to the observed trends. Given that diabetes mellitus is still associated with approximately an overall 2-to 3-fold increased risk of CVD mortality, 18 -20 these findings highlight the need for further improvements in blood pressure and cholesterol control among individuals with diabetes. Previous work in the Framingham Heart Study has demonstrated the increasing burden of CVD due to type 2 diabetes mellitus. 21 Lifestyle modifications that result in weight loss have also been shown to result in an improved cardiometabolic profile among individuals with diabetes; however, long-term weight maintenance is often not successful. 22, 23 Recent clinical trials have focused on intensive blood glucose control as a way of reducing the morbidity and mortality associated with type 2 diabetes mellitus 24 -27 ; however, the benefits of intensive control of glucose levels on major CVD end points were not observed in 3 recently published major trials. 24, 25, 27 In addition, in the ACCORD trial (Action to Control Cardiovascular Risk in Diabetes), it has been shown that intensive blood glucose control is associated with increased mortality compared with more standard blood glucose control regimens. 24, 25 Although improved blood glucose control may have benefits with respect to microvascular complications, intensified efforts to control other major CVD risk factors are currently the most effective way to reduce the risk of CVD among patients with diabetes. 28, 29 In this context, it is notable that we observed a steep increase in the use of glucose-lowering medications that outweighed the pharmacological management for elevated LDL cholesterol. Trials have shown repeat-edly that reduction of cholesterol and blood pressure in individuals with diabetes results in reduced rates of CVD. 1,28,30 -32 Several trials of statin use among individuals with diabetes have shown that lipid lowering, particularly via intensive regimens, is associated with a reduction in CVD events. 1, 30, 31 Trials of intensive blood pressure lowering among individuals with diabetes have demonstrated reductions in both microvascular and macrovascular events. 2, 28 
Strengths and Limitations
One of the major strengths of the present study is that we were able to assess temporal trends over a 35-year period from 1970 to 2005. Additionally, data on diabetes status and CVD risk factor levels were collected rigorously at periodic examinations. One of the limitations of the present study is that the study sample was predominantly white; thus, our results may not be completely generalizable to other ethnic or racial groups. For some of the categorical characteristics, we had a relatively small sample size. We had relatively few data points in the 2000 to 2005 time period relative to the other periods; this may have affected the precision of the results. We did not have a sufficient sample size to examine the data separately by sex. Additionally, because the participants in the present study underwent routine screening for diabetes mellitus and other CVD risk factors, the improvements in CVD risk factors observed in the present study may represent an optimistic picture relative to the general US population.
We evaluated treatment and control relative to current guidelines that were not in place when much of the clinical data were collected. It is possible that the results may be explained by the emergence of new diabetes treatments and the development of new treatment guidelines over time.
Lastly, because we wanted to apply a uniform definition of diabetes mellitus across all of the time periods, we used a fasting blood glucose cutoff of 126 mg/dL, which was not adopted until 1998. Thus, it is likely that the low proportion of individuals in the earlier decades who were untreated for diabetes mellitus may be explained by the fact that they were simply not diagnosed at the time because of the different criteria that were in place. It is also possible that they received their diabetes diagnosis at their examination visit and thus may not have had the opportunity to be treated.
Conclusions
Individuals 50 and 60 years old with diabetes have had declines in major CVD risk factors over the past several decades; however, these improvements have not been sufficient to overcome their CVD risk factor burden compared with those without diabetes. Further efforts are needed to aggressively control CVD risk factors among individuals with diabetes. 
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CLINICAL PERSPECTIVE
Cardiovascular disease (CVD) risk factor control is critical to reducing the CVD risk of those with diabetes mellitus. Recent clinical trials have demonstrated that the use of more aggressive targets for blood pressure and cholesterol control among individuals with diabetes mellitus results in a reduced incidence of CVD events. Despite this, data from multiple sources suggest that those with diabetes do not experience optimal risk factor control compared with those without diabetes.
Although individuals with diabetes have experienced substantial declines in CVD risk factors, the experience relative to individuals without diabetes has not been well described. The primary goal of this analysis was to characterize the trends in body mass index, blood pressure, cholesterol, and smoking among individuals with and without type 2 diabetes mellitus from 1970 through 2005 in the Framingham Heart Study. Our results showed that compared with those without diabetes mellitus, individuals with diabetes experienced a greater increase in body mass index, a greater decrease in low-density lipoprotein cholesterol, and a similar magnitude of decline in systolic blood pressure. Smoking prevalence has declined among both those with and those without diabetes mellitus. Prevalence of control of both hypertension and low-density lipoprotein cholesterol remains suboptimal for both individuals with and those without diabetes. Overall, individuals with diabetes have not experienced the necessary declines in CVD risk factors to overcome their increased risk of CVD. Further efforts are needed to aggressively control CVD risk factors among individuals with diabetes mellitus.
